OBJECTIVE: Throughout the 1990s, the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure recommended initial antihypertensive therapy with a thiazide diuretic or a ␤ -blocker based on evidence from randomized, controlled trials, unless an indication existed for another drug class. The committee also recommended ␤ -blockers in hypertensive patients with a history of myocardial infarction (MI), and angiotensin-converting enzyme (ACE) inhibitors in patients with congestive heart failure (CHF). Our objective was to determine whether prescribing practices for older hypertensive patients are consistent with evidence-based guidelines.
T
he Sixth Report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure (JNC VI), recommends initial hypertension treatment with diuretics and ␤ -blockers, unless there are specific indications for a different drug class. 1 These same recommendations were promulgated in JNC V, published in January of 1993. 2 JNC IV, published in 1988, had recommended initial therapy with any of the 4 major classes of antihypertensives. 3 The change in recommendations in 1993 was supported by 3 major trials of antihypertensive therapy with thiazide diuretics or ␤ -blockers in older patients published in 1991 and 1992. [4] [5] [6] However, despite these clinical trial data and recommendations, prescriptions for thiazides and ␤ -blockers declined in the early 1990s, [7] [8] [9] continuing a trend toward decreased thiazide use that began in the 1980s. 10 Further, randomized, controlled trial data indicate that patients with particular diagnoses are likely to benefit from a specific antihypertensive agent. For example, among hypertensive patients with congestive heart failure (CHF) or diabetes mellitus, an angiotensin-converting enzyme (ACE) inhibitor is likely to be a rational choice, based on evidence that ACE inhibitors reduce mortality in patients with CHF 11, 12 and can reduce nephropathy 13, 14 in diabetic patients. Similarly, a ␤ -blocker would be the drug of choice for most hypertensive patients with a history of myocardial infarction (MI), given the data showing a mortality benefit in this setting. 15, 16 To assess whether prescribing practices for older hypertensive patients are consistent with such trials and guidelines, we examined prescription patterns among 23,748 patients aged 65 years and older with a diagnosis of hypertension, using Medicaid and Medicare data encompassing all health care encounters and filled prescriptions. This database enabled us to examine the association between comorbidity and demographic factors and prescribing patterns in order to determine whether prescribing practices are consistent with evidence-based recommendations in the older population as a whole as well as in specific patient subgroups.
requires an income below the poverty level, whereas the PAAD program provides drug coverage to patients with modest incomes who are not eligible for Medicaid. Information on all filled prescriptions was extracted from the paid claims files of these programs. Previous studies have shown a high degree of reliability and validity of such prescription data. 17, 18 We restricted our analyses to patients with a diagnosis of hypertension newly begun on a single antihypertensive agent. We then linked drug use data with information on other health service use to identify medical diagnoses. Personal identifiers were removed from all claims to protect the confidentiality of program participants.
During the study period, New Jersey's Medicaid program had no deductible or maximum benefit for drugs, and charged no copayment for prescribed medications. New Jersey's PAAD program had no deductible and no maximum benefit but had a $2 copayment for each prescription filled. In addition, neither program had formulary restrictions during the study period. Given the economic incentives to fill prescriptions through these channels, almost all patients eligible for Medicaid and PAAD fill their prescriptions through the system.
Hypertensive subjects were identified as having either an outpatient or an inpatient diagnosis of hypertension as defined by codes from the International Classification of Diseases, Ninth Revision (ICD-9). The earliest qualifying date from 1991 to 1995 on which the patient filled a first prescription for any antihypertensive medication was defined as the index date. To ensure that all patients were active participants in the drug programs studied and were newly begun on antihypertensive medication, we required that patients fill at least one prescription in the period more than 6 months prior to the index date and fill at least one prescription during the 6 months immediately prior to the index date.
For each patient studied, we identified several characteristics which might influence prescribing patterns. These included age, race, gender, use of the Medicaid program, number of nonantihypertensive prescription drugs filled in the prior 180 days, and nursing home residency in the 180 days prior to the index date. We also identified the following comorbidities 180 days prior to the index date: diabetes mellitus, MI, CHF, angina, chronic obstructive pulmonary disease (COPD), and asthma. Inpatient and outpatient ICD-9 codes, along with filled insulin or oral hypoglycemic prescriptions, were used to identify diabetics. Inpatient and outpatient ICD-9 codes were also used to identify subjects with a history of MI, CHF, or angina. Diagnosis-related group (DRG) codes were used to identify hospitalizations for COPD and asthma to identify patients with active pulmonary disease in whom ␤ -blockers would be contraindicated. Outpatient diagnoses and use of pulmonary medications were not used to identify such patients in order to identify only those with higher disease severity in whom ␤ -blocker therapy would clearly be contraindicated.
Statistical Analysis
Predictors of specific antihypertensive therapy use were identified by placing all of the prespecified potential predictors individually into separate logistic regression models. The outcome variables studied were use of one of four specific antihypertensive medication classes to initiate therapy: thiazide diuretics, ␤ -blockers, calcium channel blockers, or ACE inhibitors. We excluded from our main analyses the relatively small number of patients who were prescribed other antihypertensive medications. We examined trends in prescribing in all of the analyses. For our initial analyses, we chose thiazides as the referent group because of the strength of the evidence for their use in older patients. First, we analyzed the likelihood of being prescribed a thiazide relative to all other major antihypertensive medications. Second, we separately examined ␤ -blocker, calcium channel blocker, or ACE inhibitor use relative to thiazides. Third, we separately examined prescription patterns for preferred antihypertensive therapy in subjects with CHF, diabetes mellitus, and a history of MI. For patients with CHF and diabetes mellitus, we compared ACE inhibitor prescriptions with prescriptions for the other major antihypertensive medications. For patients with a history of MI, we compared ␤ -blocker prescriptions with the other major antihypertensive medications. All results were analyzed using SAS software, version 6.12 (SAS Institute, Cary, NC).
RESULTS
We identified 23,748 new users of antihypertensive medications during the study period; their mean age was 76 Ϯ 7 years (range, 65 to 99). Of these, 11,103 had at least 1 of the following comorbid conditions: diabetes mellitus, CHF, history of MI, or history of angina. The demographic and clinical characteristics of patients and their patterns of antihypertensive medication use are presented in Table 1 .
From 1991 to 1995, in the entire population of hypertensive patients, the most commonly prescribed initial antihypertensive drugs were calcium channel blockers, used by 42% of patients, followed by ACE inhibitors (24%), thiazides (17%), ␤ -blockers (10%), central antiadrenergic agents (4%), peripheral antiadrenergic agents (3%), ␣ -blockers ( Ͻ 1%), direct vasodilators ( Ͻ 1%), and angiotensin II receptor blockers ( Ͻ 1%). Among the 12,645 patients with uncomplicated hypertension who lacked the comorbid conditions listed above, calcium channel blockers were also the most commonly used initial drugs (38% of patients), followed by thiazides (22%), ACE inhibitors (21%), and ␤ -blockers (11%).
Using multivariate analysis to control for comorbidity and patient demographics, we found that the likelihood of being on a thiazide declined 9% per year (95% confidence interval [CI], 7% to 10%) relative to all other antihypertensives (Table 2) . Patients who were older or used five or more other medications were more likely to receive thiazides than other major antihypertensives. By contrast, several characteristics were associated with a reduced likelihood of receiving thiazides relative to all other major antihypertensives (Table 2) . These results did not change substantially when we eliminated patients with angina, CHF, diabetes mellitus, or history of MI from the analysis.
Calcium channel blockers were more likely to be prescribed than thiazides to men, African Americans, Medicaid enrollees, nursing home residents, diabetics, and those with a history of pulmonary disease or angina; patients aged 75 years and older were the only group less likely to be prescribed calcium channel blockers (Table 3) . ACE inhibitors were more commonly prescribed relative to thiazides to for men, Medicaid enrollees, diabetics, CHF patients, and patients with a history of MI or angina; patients aged 85 years and older, African Americans, and patients with pulmonary disease were less likely to initially receive this class of antihypertensive medication compared with thiazides (Table 3) . Beta-blockers were more likely to be the initial therapy compared with thiazides for patients who had had a history of MI, or angina; ␤ -blockers were less likely to be the initial therapy for patients aged 75 years and older, African Americans, or those having Medicaid enrollment, polypharmacy (use of 5 or more other medications), diabetes mellitus, or pulmonary disease (Table 3) . From 1991 to 1995, thiazide use declined from 22% to 10% of new users of antihypertensive medications, ␤ -blocker use was relatively stable (12% to 11%), calcium channel blocker use increased from 37% to 46%, and ACE inhibitor use increased from 21% to 30%. During this same time period, in the subgroup of patients without specific indications for another agent (CHF, a history of MI, diabetes mellitus, or angina), thiazide use decreased from 26% to 14%, ␤ -blocker use decreased from 13% to 11%, calcium channel blocker use increased from 33% to 44%, and ACE inhibitor use increased from 19% to 24% (Fig. 1) .
Drug Prescribing in Special Populations
According to our multiple logistic regression analysis, ACE inhibitor use increased at a relative rate of only 4% per year (95% CI, 2% to 6%) compared with other major antihypertensives among the 4,206 patients with CHF, of whom 41% filled prescriptions for this drug class (Fig. 2) . Likewise, among the 5,219 diabetics, only 28% were initially prescribed ACE inhibitors, and the relative rate of increase in use of these drugs was 6% (95% CI, 4% to 9%) per year during the study period compared with all other antihypertensives (Fig. 2) .
Among the 1,402 patients with a history of MI, 15% were prescribed ␤ -blockers as the initial antihypertensive therapy. When we eliminated patients with CHF or pulmonary disease, 19% were prescribed ␤ -blockers. However, ␤ -blocker use did increase in post-MI patients at a relative rate of 10% per year (95% CI, 5% to 16%) (Fig. 2) . Among the 446 patients with a history of severe COPD or asthma requiring hospitalization, 9 patients were subsequently prescribed ␤ -blockers.
DISCUSSION
Multiple large randomized, controlled trials have yielded extensive data on the clinical outcomes of use of thiazides and ␤ -blockers for the management of hypertension in older persons. 19, 20 By contrast, only minimal data exists for calcium channel blocker use. Encouraging findings from a 1997 study of nitrendipine in isolated systolic hypertension in older patients, 21 published after the time period analyzed here, are counterbalanced by data from observational and experimental studies suggesting a possible increased risk of MI following the use of some calcium channel blockers in the management of hypertension. [22] [23] [24] The Fifth Report of the JNC, published in January 1993, recommended initial selection of diuretics or ␤ -blockers for the treatment of hypertension. 2 This same recommendation was made for older patients, and was based on influential studies of hypertension in the elderly published in 1991 or earlier, including the Systolic Hypertension in the Elderly Program (SHEP). 4 ,5 However, despite these recommendations, the use of these medications declined from 1991 to 1995. One possible explanation for this phenomenon is that compelling comorbid conditions such as diabetes mellitus, CHF, MI, or angina might have warranted the selection of an alternative agent such as a calcium channel blocker or ACE inhibitor. However, when we excluded all patients with these comorbid conditions, recommended medication use still declined. These results are consistent with other data on patterns of antihypertensive medication use 7 and extend these results by studying only diagnosed hypertensive patients and examining prescribing patterns in different subsets of these patients. A study by Maclure et al. based on Canadian data reported much higher rates of first-line therapy with thiazides and dramatically lower calcium channel blocker prescriptions. 25 These differences might be explained by national differences in prescribing or ongoing educational interventions in British Columbia, the province studied in the Canadian analysis. However, the difference may also be attributable to a different approach to classifying drug use. In the Canadian study, patients who were simultaneously prescribed two different classes of antihypertensives were classified hierarchically in the following order of priority: thiazides, ␤ -blockers, ACE inhibitors, and calcium channel blockers; this would increase the apparent use of the former drugs at the expense of the latter.
Some trends in therapy for specific patient subgroups deserve special comment. For example, 51% of nursing home patients were prescribed calcium channel blockers for the treatment of hypertension, whereas only 9% received thiazides. The reasons for this are unclear. Even after adjusting for factors including age, angina, CHF, and MI, nursing home patients were still much more likely to receive calcium channel blockers. These results are consistent with a major study of antihypertensive prescribing in the nursing home setting. 26 The JNC V and VI reports recommend thiazides as first-line therapy for hypertension in African-American patients, and clinical trial data suggest that ␤ -blockers and ACE inhibitors may be less effective than thiazides and calcium channel blockers in lowering blood pressure in older African-American patients. 1, 27 Nonetheless, thiazides were prescribed to only 16% of African-American patients, and their use over time declined relative to calcium channel blockers.
In accordance with recommendations from controlled trials, 41% of hypertensive patients with CHF received ACE inhibitors, making them the only subgroup of patients FIGURE 1. Initial antihypertensive therapy in patients without congestive heart failure, angina, diabetes mellitus, or a history of myocardial infarction. The y-axis is percent of patients receiving the specified medication. The P value represents the trend in prescribing over time relative to thiazide therapy (the referent group). CCB indicates calcium channel blocker; ACE I, angiotensinconverting enzyme inhibitor.
not to receive calcium channel blockers as the most commonly prescribed antihypertensive medication. On multivariate analysis, CHF was strongly associated with an increased likelihood of ACE inhibitor therapy. The negative side of this finding is that more than half of hypertensive patients with CHF did not receive ACE inhibitors despite proven benefits of these drugs in this population. 11, 12 However, it is possible that some of these patients may not have had systolic dysfunction or may have had some other reason for avoiding ACE inhibitor therapy.
The JNC V did not specifically recommend ACE inhibitors for all hypertensive diabetics, but studies published as early as 1988 showed that ACE inhibitors can prevent nephropathy in many patients with insulin-dependent diabetes mellitus, 13, 14 and more recent studies have extended these findings to non-insulin-dependent diabetics. 28 Despite the availability of such trial data, we found that ACE inhibitors were used as initial antihypertensive therapy by only 29% of diabetics. If these trends have not changed, there is reason for concern, particularly in light of a recent trial of the calcium channel blocker nisoldipine for the treatment of hypertension in diabetics, which found it to be associated with a higher rate of fatal and nonfatal MI compared with enalapril. 23 Throughout the study period, ␤ -blockers were noticeably underused in patients with a history of MI: only 15% of patients with hypertension and a history of MI were started on ␤ -blockers. This underuse occurred despite extensive clinical trial data on the efficacy of ␤ -blockers after MI that had been published prior to the study period, and explicit recommendations from JNC V for the use of ␤ -blockers in such patients. 1, 15, 16 These results may be consistent with a lack of physician knowledge about the benefits of ␤ -blocker therapy in this clinical setting. 29 It is even more surprising that ␤ -blocker use was so infrequent in this hypertensive population as compared with unselected post-MI patients, because physicians actively selected an alternative medication, rather than failing to add an indicated drug. 30, 31 Among hospitalized patients with diagnoses of COPD or asthma, 58% were prescribed calcium channel blockers, and only 2% received ␤ -blockers. The low rate of ␤ -blocker usage in this population is consistent with guidelines and rational therapy. However, this small percent of patients may still have been exposed to the potential risk of ␤ -blocker therapy in the setting of significant pulmonary disease.
All patients enrolled in the study were enrolled in Medicaid or a state program for pharmacy assistance for FIGURE 2. Initial drug choice in hypertensive patients with specific comorbid illnesses. The y-axis is percent of patients with the specified comorbidity. The top line represents the percent of patients with congestive heart failure (CHF) who received angiotensinconverting enzyme inhibitor (ACEI) therapy. The second line is the proportion of diabetics (DM) who received ACEI therapy. The third line is the proportion of patients with a history of myocardial infarction (hx MI) who received ␤-blocker therapy. For each comorbid illness, there was a statistically significant increase in indicated medication use over time (P Ͻ .001).
patients with modest income (PAAD). Therefore, these results may not be completely generalizable to higher income populations. However, there is no reason to believe that income level would change these results substantially. It is possible that physicians may be more likely to prescribe newer, more expensive medications (calcium channel blockers and ACE inhibitors) to patients in higher socioeconomic classes. Conversely, Medicaid patients do not have to pay for their medications and PAAD patients pay a nominal copayment, so medication cost may be less of a concern in the population studied.
Another limitation may be lack of precise information to determine comorbidity. Many of the comorbidities were ascertained on the basis of ICD-9 or DRG codes, and these codes may be incomplete. For example, a patient may have had multiple problems, and the physician may not have coded each comorbidity of interest. Thus, these codes may have relatively good specificity but limited sensitivity. 32 However, this limitation would not be expected to dramatically affect the overall findings.
In summary, we found that from 1991 to1995, thiazides were rarely used for the treatment of hypertension in older patients, even after controlling for the presence of compelling indications for other antihypertensives. The use of thiazides continued to decline throughout the study period, even in the face of extensive data demonstrating the morbidity and mortality benefits of thiazide therapy for hypertension. This decline continues a trend we observed in an earlier study. 10 Calcium channel blockers were the most commonly prescribed drugs for the treatment of hypertension, followed by ACE inhibitors, despite limited data on clinical outcomes for both of these medications for the treatment of hypertension. Thus, clinical trial data from the early 1990s and the JNC V recommendation published in January 1993 appear to have had only a limited impact on prescribing. These data also document low use of recommended medications for hypertension in patients with specific comorbidities. One potential explanation for these findings may be aggressive marketing of calcium channel blockers for the initial treatment of hypertension by their manufacturers. Aside from issues of quality of care, these practice patterns have large economic implications, with a year of calcium channel blocker medication use costing as much as $1,000 per year wholesale, compared to less than $15 per year (drug costs) for hydrochlorothiazide. 33, 34 Additional educational and systems interventions are needed to improve physician prescribing practices for the treatment of hypertension.
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